The water content (q) of the subsoil is an important parameter affecting all the processes that occur in the vadose zone, playing a key role in the infiltration, aquifer recharge, and flow and transport of water and substances, as well as groundwater storage. Although the vadose zone is usually considered constituted of soil, it may also be comprised of rock. In the latter case, q cannot yet be operationally measured despite its unquestionable importance. The aim of the present work was therefore to investigate the potential of a novel electrical impedance sensor for q measurement in rocks and to evaluate the effects of frequency and salinity on the calibration of this device. In this study, only the resistance (R), i.e., the real part of the measured impedance, was investigated because of its direct correlation with q. Calcarenite, a sedimentary porous rock, was used for the calibration in the laboratory via the installation of penetration-type probes. The independence of the measured R from the different frequencies set on the device was checked using a statistical approach. The q-R calibration functions obtained for the different saturation solutions have a power-law dependence with a good degree of correlation. The results highlight both the strong reproducibility of the experimental data (by using the penetration-type probes) and the suitability of the device for q measurement in calcarenite. The method could be advantageous for field applications that involve rocks.
Abbreviations: EIS, electrical impedance spectrometry.
The vadose zone is known to play an important role in the hydrologic cycle by regulating surface runoff, evapotranspiration, infiltration, and the transfer of solutes (i.e., contaminants). Because fluxes of water and solutes strongly depend on q, monitoring and estimation of q is therefore a key element in understanding contaminant transport processes.
The traditional standard technique for direct measurement of q in soil, the gravimetric method (Gardner, 1986) , involves the sampling of soil to carry out laboratory measurements, thus modifying natural conditions. Because the gravimetric method is destructive, labor intensive, time consuming, and costly, a wide range of alternative nondestructive methods have been developed, mainly used in the management of precision farming. Among the more well-known of these include neutron thermalization (Greacen, 1981; Evett, 2003) , the capacitance method (Dean et al., 1987; Robinson and Dean, 1993; Baumhardt et al., 2000; Kizito et al., 2008) , time domain reflectometry (TDR) (Topp et al., 1980; Topp and Davis, 1985; Dalton and van Genuchten, 1986; Jones and Or, 2004; Robinson et al., 2003) , frequency domain reflectometry (Veldkamp and O'Brien, 2000; Bilskie, 1997) , the impedance method (Gaskin and Miller, 1996; Seyfried and Murdock, 2004) , and the electrical resistance method (McCann et al., 1992; Shock, 2003) . Further details regarding these techniques, including their advantages and limitations, are widely available elsewhere (e.g., Dane and Topp, 2002; Evett, 2007; Evett et al., 2008) . In recent years, remote sensing technologies such as passive and active radiometry have been applied to provide wide-area indications of surface soil q (Wigneron et al., 2003; Loew et al., 2006) . However, the considerable influence of vegetation and surface structure on the quality of the received signal restricts the sampling depth to the uppermost (2-5-cm) soil levels (Walker et al., 2004) , significantly limiting the usefulness of the technology in terms of any hydrologic application.
It should be noted that none of the aforementioned methods directly measures q but rather properties known as "surrogate parameters" (e.g., neutron emission, dielectric constant, capacitance, impedance, resistance) that change as q changes. In this case, the value of q A novel sensor, based on electrical impedance spectrometry, for water content measurement in rocks was investigated. Calcarenite, a sedimentary porous rock, was used to determine the calibration functions by evaluating the effects of frequency and salinity of the saturation solution. The functions obtained have a power-law dependence with a good degree of correlation.
